c^pvg'cciicL - Lxjcuiiieiu JDiuuugiapny anu Aosiraci 



Page 1 ot 1 



OPTICAL FREQUENCY BRANCHING ELEMENT 



Patent Number: 
Publication date: 
Inventor(s): 
Applicant(s): 
Requested Patent 

Application 
Priority Number(s): 
IPC Classification: G02B6/1 2 
EC Classification: 

Equivalents: JP3061 083B2 



JP5288946 
1993-11-05 

OKAMOTO KATSUNARI; others: 02 
NIPPON TELEGR & TELEPH CORP 

r JP5288946 
JP1 9920092550 19920413 



Abstract 



PURPOSE:To obtain the optical frequency branching element which has optical frequency branching 
characteristics having no polarization dependency. 

CONSTITUTIONS a substrate 11, 1st and 2nd optical waveguides 12 and 13 are arranged and put close 
to each other at two places to constitute directional couplers 14 and 15 and a waveguide length difference is 
generated between the 1st and 2nd optical waveguides 12 and 13 between the directional couplers 14 and 
15 to constitute the optical waveguide element. Further, the core width of the area 16 of the 1st optical 
waveguide 12 which is long in waveguide length is made wider than the core thickness and others are 
equalized in core width and core thickness. 
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K»jfia*T*Wil,fcSI 1 £cktfSg2©£fattfc!i£88i: 
ftA*. ME8 1 *<fctfSFl 2 ©#ftttte$£©M£gJg 
■T * MEft 1 fcitflB 2 ©imRICft&Kft£«Rttfc 

rtWMtattR^icis^-c. assess lfcitfn 2 ©«& 

^WfcJttTlJX. £:?t(nERl&J:Cffi2©WRM 
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-f ©ft 2 «»Bf «©»»i8ft«-C«kft < ft £<k 5 Cttjft 
SnJWWWilffKtUT, MB?ir*;W»»»7l' 
©&4 ©»*K©-«^ttn Tmttn 7JPtctfc^T/£ 
<. fi^WB^lr*^»**7l"f ©*-*©*«»©» 
0©«»B37(Bt37Hit*«#l/V»c:t*1M»i:1-* 

Dfin©ffWftR«] * 

Pi =Posin 2 (0) 

Pa = PoCOS 2 (0) 

CUT. 0«}feiS8E8©£JB£#£j3. if*i**T* 



* [0 0 0 1] 

[£8!±©?iJffl#gf] *«W4, 3tta«»SF*C*t-»T 
#ffl&*«»S©J!£H»ft#«*7fcHU 3t»tt4*tt 

[0 0 0 2] 

[ft*©&«] ^^iiRft^iKjfl^tt, Mtt*£*3ta<l 

t*^T*&**+'j7«iiEft©3tt^«, #irf*& 

[0 0 0 3] 13 5 fcaVrjfcRfcft^ttJtfp-Ctt, v U 3 

>s«5 1 ±fc#j«M&5 2, 5 3*tEg^n. yemtL 
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^3nT*30, 3t35iRK5 2. 5 3 ©-igfc^-n^nA 

^3p-h52A, 5 3Atu ■tt**-t*wenm*#- 

h5 2B. 5 3BtLW5. Sfc. 2ffl©^|S]ftiB^ 
885 4. 5 5©ra©ft$)gK}5 2, 5 3©$&8&&M« 

2. 5 3©ffi:fe±tfff#«--jri!*3. 
[0 0 0 4] CWJ^fcfcfcSft&ff-j^TyA- «;i 
>^-R3t«*»»tt«?©A*#- h 5 2 AtC. JUS 
*f (RftA = c/'f : c = 3Xl 0 ! m/s) Off* 
#Po *tAStL-fc«^. fctJ*^-h5 2B, 5 3B©ffi 
*Pi . fcitfPa tt*tt«rufc©J;5fc&.6. 

(1) 

(2) 



«= (1/2) /3c AL = (7tf/c) n, A L (3) 

n« it^mmmm-vho, &&k (=2«/* *a> sffl^si^iersan-s. 



n« = /3c /k 
[0 0 0 5] -Dmz. A1jtf-h5 2Alr^iS[*fi . 
fa ©r.^©M^##AS*L;t#£ 5. * 

0 (f i ) = (k fi /c) n, 
0 (f 2 ) = (7t fa /c) n, 
£©£€?, i£ (1) . (2) it), a*#-h52B. 
5 3 B©#SEft©3tlC*f-r*ffl*Pi (fx ) , 



(4) 



■M*en*S (5a), 

: AL=M7t 

; AL=M)t- U/2) 
♦a (fi ) , Pi (fi 



(5 b) iWaSDiroiT*. 

(5 a) 

(5b) 

) . Pi (fi ) B*5$T*3 



Pi (fi ) =o, 

Pi (ft ) =Po , 

L. Jiil$&f2 ©3fc«tH##-h5 2BKfflW-rSirt 

a****, s/t, a (5 a) , (5 b) zmzmtt, * 

AL = c/ {2m (fi - fa 
[0 0 0 6] bfc*tt5T, feI5IC^-r«fc5^#^V-y 

(7) fl*afcafts±5fc**Kft»ALfcRjrr* 

t, JSSRfi fcitffa ©z:^)©f9^sgij^©ai* 

fl-M^SK ZL tWVtZ. -MtVT, fi =19 

3. 5 4THi (A = 1 . 5 5 /im) , f i — f i = 1 0 50 



(fi ) =Pq (6 a) 

(fa ) =0 (6b) 

* 2)@©^in)ttiie-e-ig5 4, 5 5 m<Dytmm& 5 2 , 53 
©ag&KhgM a l \zffl-fz&mr-k<D& o c^ans. 

) ) (7) 

GHi , n c =1. 4 4 5tt5t, M=9 6 7 7, AL 
= 1. 0 4cmi/ii. 

[0 0 0 7] L-^b^e, v'J3>^StRi:T-5H^ 
(TEt-H) tS«Mt«.it^<Ba©^ (TM€ — 
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4 



*LT5$ (5) *««JEan-B«t5fC»»MhftBAL3WR* 
*nTViStTS. T&fc'S, *S (8 a) , (8 b) 



ft£j3«.n* fle.ufcU 5£ (4) T^g^n^^«ffl 

<J>te (fi ) = (Trfi /c) lie , tb A L = M 7t (8a) 

*TB (fj ) = (it ft /c) Tie, T2 A L = M 7t ~ ( K / 2 ) 

(8 b) 

TM*-Ftc#LTtt*;5t (9 a) , (9» *b) iWSDira. 

*rM (fi ) = <7T f i /c) lie , TK A L 

=Mtu {1+ (B c / ne.iE) } (9 a) 

*ti (f2 ) = (it fi /c) nc. n AL 

= (Mtc- (tt/2) } {1+ (Be / lie, t e ) } (9b) 

^TfeDfcS do) ft*. y»jj>^* io- 4 g^rfc^ 0 

Be =n € . n - n t . IB (10) 



[0 0 0 8] mm<Dmz&~J^T, f i =19 3. 54 
THi U = l. 55 unx) » f i - f j = 1 OGHz , n 
c ie = 1. 4 4 5, M= 9 677, AL = 1. 0 4 c 

Pi. IB 
Pi , TB 
Pi. Til 



*nu Be =2xiO-^i§<!:TE€-K 



(fl 
(fl 

(fl 



) =0, P 2 ,ih (fl ) =P & 

) =P0 , Pl.iH (fl ) =0 

) =Po sin 3 (MtcB c /ne.iE) 

^0. 7 6 6Po 

Pi.ru (fi ) = P„ cos 2 (MttBc /ne.rs) 

= 0. 2 3 4Po 

Pi.tn (f 2 ) =Po cos 2 [ {Mtc- (tc/2) } 

^0. 2 3 4Po = 

Pa.™ (f 2 ) =P 0 sin 2 [ {Mtc- (tc/2) } 

= 0. 7 6 6Po 1 



[0 0 0 9] Z<D£5\Z, 0*©#»*VyA - ^x> 

& n& ^ t ^ o rag** £ § . 
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(1 la) 
(1 1 b) 

(1 2 a) 

(1 2b) 

(Be /lle.TE) ] 

(1 3 a) 

(Be /ne.TB) ] 
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5 6 
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x. =R sin0= (n c AL-mA) (R/ (m d) } (2 0) 
£a>:£ (2 0) *»S, »fiA(D3t)WKl!X5^#*IS6 *±D» *0><J;5iC&£e 

eot^^ojftocmjt-r^&aftcDAfrtt, x, =o* 

m= (n e AL/A) (2 1) 

-«tLT, A=l. 5 5/im (f = 1 9 3. 5 4T ^Zf^ftft SJK^H 6 ©7 

Hz ) . n e - 1. 4 4 5 tt^i:m= 1 5 4 8T& fc^fcAlf l,ft*£ft#A*. SC (1 8K 

*• (2 0) ±0&i£*t»&h«. 
[0 0 15] t>*fc, Sfi*ti5 A (--A 2 5 f /c) 

n c (A + <5A) AL-ns (A + <5A) d { (x. + dx) /R) 

= (A + <5 A) m (2 2) 

ft*, n c (A + 6 A) , n s (A + A) B-ttt-f *[0016] 3 (2 0) , (21), (2 

ft* (A+5A) ©3Kfc3*T*?v*;W»»». * 2) , £<£tfn s > {A (d ns /dA) } T&^i: 

«ktfX5:7WS»0B#4n?*O, (x. + <5x)ifcg: SfcibMSDira. 
(A + (5 A) ©3teWtefc"r-SttplT»*. ★ 

(5x = - { (mR) / (ns d) } (Nc /n« ) (5 A 

= { (A 2 mR) / (ns dc) } (Nc /n e ) 5 f (2 3) 
fc£U Nc »4*fl*r*-C*rK *j£Tf*Sn5. 

Nc = n c -A (dn c /dA) (2 4) 

[0 0 17] ffiJfi(0/t7*-^A = 1. 55/im (f = iVR=6mm, N c = 1. 465, ns =1. 45 t"TS 

1 9 3. 5 4THz ) , nc = 1. 44 5, m=154 t, SC (2 3) ±D, 0 xB*5C® «k3fcfc*. 
8SfflK £bKAL=1660/im, d = 2 0 ^m, * 

<5x = 2. 6X 1 0" 15 6 f (m) (2 5) 
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•SWfcfcHTtt, *5^^>Ua>o*iKI(IC±*a: mtt^itT^Sn, TE*- K©#ttAOK»3M"S 

«****Jt5&a6C »fiMfc^ff*ai*fl!)3K (TE (x. .tb =0) <ht-£o 

m= (n e .TB AL) /A (2 6) 
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7 

= 7/jm, m^mm^=o. 

i. - til. TE = 1 . 8 X 1 O" 1 
gA=0. 7%©«£) 



8 



7 96©J§£) . Bs =n 



K^-h'tTM^E 

r$>Zfr*>, ±iU:9TE* 
Xi. i« -x D , te= (Be RAL) / (ns.tid) 
^6 8. 7 (/tm) 
[0 0 2 3] uroi'Sfc, **©7U'f*«»tt J FaB1fi 

[0 0 2 4] 

[«W«»*ftLJ:5fr*iRB] l»a$l,fc«fc5lctt*© 

^ft*^, *«v»ttH6fcjR+*5&7W«s**Tp 

A') £8M*Lfc*fcfctt, ffia©3M)tft#lltttttftt 

[0 0 2 5] *fSWH, £©«fc3fcW»K:fc#&i**i;t a? 
fc©T$>(3. 3 7«#3 7JMfcJ*^TJ!£^«J&ft*tt 

[0 0 2 6] 

[RS**»T*fc»©^R] MEitt&3£T£*8 

&£tfg2©*&B&. rne.mi*5±^m2©*iS8s 

*2tlBfTaVifclfcEa*T«l*l/fcJBl*J:tfll2© 30 » 



2 ©*8UK©5S*roJtoJ^#©*ttK©-- 
tfiB 2 ©WiHt©3i 0 WgMHtn 7i® 1 3 7J¥ t am L 

*^**»fc. M?BA7Jjll? 1 +*JI^&&<t;P+*;i^ 
12 9 1 * *;u»**7 K tfflTjffl^ 1 v *;WttK t «ft 

«rr5!B2fflgS!;*77 , 3IS&£££*., BJte^-r*;!/ 

«is»S7 v-i ©ft£tfffi£©«mjur?ja&jt < 

«»l»7 l"f ©£* ©giSteW-gBfrttn 7**«3 7J¥* 

Pi =P» sin 2 (<j>) 
P 2 =Po cos J (<J>) 

CIT, «H3ftlHjFJftl 2. 13©£«£&£/3 C . «★ 

«= (1/2) {0L' - j3c 
[0 0 3 1] ftSiM&l 2, 1 SIC&ttSTE^ 50 



(2 8) 

afcJttTtf^. fio(tEy+*JI'*»K7U'f©**© 
**BO»0O«»tt3 7«t37JPd:3Wl/V^;:d:»£ 

[0 0 2 7] 

i5V>Ttt. 3tOH!i;iiJ6»**»TE*-]«iTMSE-F 
K#l,TJ*&-6fc»lC, ttSttttfi»r¥#<£i;s. d© 
liSilfilfflU, 3 7«ifi«3 7J5i*KJttTlKV»«^ 
ICS, ->Un>Sfi©E«lf£:*(c*^<«B#f$&fr^ 

37iB*n7JP3lCJfc^T£<T*J:£fc:«fcoT. fi£ 
ttfftt©&^3W»*#«1*ttS#* ^ fc**TS*. 
[0 0 2 8] 

[*MM Elf. *»WftWt«IK:*^TRWr*. 
[0 0 2 9] 01 fctt-^«fc**3W«*#tt*F 

tt&12. 13**E«Sn, *J)»»12, 13©2@ 

fcj:D*Wtttt^iii4, i5iWPirtanr*D. 3t* 

SE»12. 13 ©-Sg£^n^nA7J#- M 2 A, 1 

3>tu, ffisss-en-enm^^-K i 2b, i3Bt 

&TV»S. Sit, 2fi©^r&H*iB-&Sl 4, 15©ffl© 
36»«»12. 1 3©*«iMHIttALfclBganTl» 
*. 2<B©;£flttilS£f§l 4, 15M©ft8iR 

12,1 3©5-B»M[»fi©fi^3Er (JlCTttJt** 
&1 2) ©-fiBtCfc^T. ©ffittl SKfeifco 

Tmm&n^TW, (2 a) *»3 7JP (2 t) tCtfc^TJE 
<4oW5. fc£U ««1 6©37J?2 tttffi©« 
«©#*SliSl2, 1 3©n7j»t|S|i; , r*f3, 37*1 
2 a ffl**»ffi©««c©3t»ftiS 12,13 (Cifc^Tj£< 
ftoT^S. Sit, 3 7ffi©]£^»«l 6©3fc*»»t 

V»-5. 0 1 Ttt7 L -/t©ft«Sffl^©0^tt ! tBSa 

[0 0 3 0] **lg«©#»«:Ty;N • *y*.y9-mt 

»**»«*^©X*#-M 2AC. Httftf (ttft 

A = c/f) ©»^3tP« «»A»U&«d, ma#-h 
12B, 13B©ffl7JPi , *itXP! tt-^n-fn^© 

i^lCi^S. 

(29) 
(30) 

★*i e ©awakes ^T*ans. 

(L' -AL) } (3 1) 
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(6) ^BS¥5- 2 8 8 9 4 6 

9 10 
«1 6tC*5^TE^-H©fiJB€»*i5TE, WfiJBff *£$nT^*<hT*. ■fttfc'fe, M£&&<>: Lfc££^ 
$$:nnttt, TE*-KK»UT&a#»E3n* &»fi £cktff 2 <Mfcfc*fLT, *n^n&it J&<J* D 

(|)te (fi ) = (Tcfi /c) IiitbL' n c , ie (L' — A L) ) 

=Mtu (3 2 a) 

<*>te (fa ) = (ttfa /c) { n t e L ' He, te (L' — A L) } 

=Mtt- (tc/2) (3 2b) 

Pi. ib (fi ) =0, P 2 , t e (fi ) =Po (33a) 

Pi. IE (fa ) =Po , P2, TE (fa ) -0 (3 3b) 

[0 0 3 2] Z)g\Z, *i»Bl2, 13iC*5tj*^)TM ★PSnntLT, TMt- H fc»T*3fc£»»tt*:ft 
J3*.t«. «BiJitff*Snc.T«tU a6T^S„ M ' S«Fft<fr5i:*H** f i *<t^fa 

<f>T* (fi ) = (Trfi /c) { niE L ' n c . t m (L' -AL) } 

=M' n (34a) 
*tm (fa ) = (Tcfi /c) { riTE L ' -ne.n (L ' -AL) } 



(fi 
(fi 



=M' k- (tc/2) 

Pi.m (fi ) =0, Pa.n (fi ) =Po 

Pi.ra (fa ) =Po , Pi.ia (fa ) =0 

[0 0 3 3] uCT, S (33a) , (3 3b), (3 ♦(36a) 
5a), (3 5b) **«UE*n*fc8&t»4, i (32 S. 
a), (32b), (34a), (3 4 b) <fc 9, *«♦ 

UthL' n c , t e (L' -AL) ) =c/ {2 
{nmL' -nc.m (L' -AL) } =c/ {2 

[0034] -r&fc-fe, ±iCct:o, l ' a*a:"c^A6* *n*o 

L' = (Be / (Be -B) } AL 
Lfe^ot, St (3 7) rttri5DSra±5IC««l 6 0ft 
SL' SRJTtnK* TE^-KfcitfTM^-I*©^ 
m<Wtf;:*fLTfc5£ (3 3 a) , (3 3 b), (3 5 30 

a) , (35 b) jwjwsan. mwm^o>it^fmmk 

B = nn n t e 
[0 0 3 5] 0 2t4, JBifT^SA=2%, n7J¥2 t = 

1. 5 S/zmfc&LTfhJfbfcfc®-?**. 2a = 3/i 
m0«£CDlgJi#Tl$;j4, tt©««<Mfc*»» 1 2,13 
0ffi®»f^Bc iHUifc*. -0tJ£LT, 2a=5ja 
ratt^t, B = 8X10" 5 (n TE = l. 4616, n 
tk — tite+B) T?**. fi =1 9 3. 5 4THz (A= 4? 
1. 5 5/zm) , f i - f 2 =1 0GHz <hT£i, 
SKI 2, 1 3©1iJBlff*f4Bc = 2X1 0" 4 (nc.iE 
= 1. 4 5 7, ne ( rH = nc.TE + B) Tf* M = 

M' =9 6 7 7, AL=1. 024cm, L' = 1. 7 
0 7 cmiW. 

[0 0 3 6] ^10^«feft^(IS^?0-^®^J^:L 
T, 5£*3fc*»RS«£IMBT*. *1\ S i gfe± 

L, ^(CGoOa £Kwi>h£bT8sjraL£S i 0 2 



(3 4b) 

(3 5 a) 
(3 5b) 

(3 6b) tfi&VfLTtt&KZttfitofr 



-f. ) } 

"fa ) } 



(3 6 a) 
(3 6b) 



(3 7) 

»*»R«tt*#*^t39tT?*«. fc£U (3 7) (I 

fc^TBe te^ (1 0) -?#;t£>n, BB*a-e4*s 

(3 8) 

[0 0 3 7] JKOiifc, ffai/fcJWtt*^**^© 
AW-H2AI:ttl. 5 ^fe 
£tf fa O2O£0il^Alt$tfciu6, Aft3fcc7> 

[0 0 3 8] H 3 (CJ4ffi©iaiS«fc«531£H»*5i k i!fi* 
*ffl^ir*^«*»3 2, 3 t *:M4*ttl&7l'-f 3 3*3 

A*ffly^*;wu*jS3 2 ttv&vmm-rM 3 3 

^iSKJki' 3 3 ifflrtffl^^mtttts 4 tfc 
»ttr*»2©HfflX5^»»K3 6 tsWEBSnTVi 
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(7) *J|»¥5- 2 8 8 9 4 6 

11 12 

nri^S. fvW«K7H 3 3co-g?lc*5 A = c/f) <B«^K**\itLfc»&, 

g£L' <Dm®3 7 \Zt>tcoTm$Lft<Dn7m 7 V<i 3 3 L% 2 CD^HU 3 6 i ©SMOKE 

(2 a) AtnTW (2 t) KJt^T£<&oT^S. & «»:*W*3K©ejR©« : i !: ttta4 iC^Ti;? £ 

fcntVaTmtmCr&t), □7|2aO*#iOS* [0 0 4 0] (q-l) #acDag&K£ei8LT 

H«K 3 7 ©3t«tt» t«<0^^ *;V3tW«B t »4. « *;Ug&B7 H3 3t»2 ©HS^ 5^«»B 3 

[oo3 9] *%ikmo7]s4m»&ttmytmvLik£* v< 3 3fc*»ts«fi©«a»©fiSTr*-&. 

*a =#c [L + q AL-qL' ] +0qL' (39a) 
<f>B =5c [L+ (q-1) A L — (q-l) L' ] + 0 (q-l) L' 

(3 9b) 

[0041] *d€\z, mm7s77m&&wzmmR<z>& h******©*^;:**. 

= 0s R (4 0a) 

t/?b = 0$ (R + d sin(9) (4 0 b) 

[0 0 4 2] UfttfoT, ^^^;i/^iS857l/'Y3 3£ *«ttKcWt(Dttffl»4, ^iC (4 1) T^ns. 

0= (0* +0A ) " (<f>B + lf>B ) (4 1) 

^UT, ®=2m7r (mttftR) <Dt%, #r4&a6£o *?**;MliM&7 W 3 3 £®ofc3rjt4;£P 
TWt§ a Tfcto^ *iC (4 2) )WfiqSrcfc*. * 

©= /3c ( A L — L ' ) + 0 L ' — 0 s, j,d s in 0 = 2 m 7r (4 2) 

x. = { j3c (AL-L' ) + 0L' -i2m^} / (Ss d) (4 3) 
^ICDS: (4 3) &^&f&too (=2 7CfD " *.*#T*fc»©*fM4, x, =0±D, (44) T 

Ao ) ©^jwbs;* 3 6co^^HK©^otc* *xsn*. 

3c (AL-L' ) + 0L' -2m?t (44) 
[0 0 4 3] &Httfttf*da> (=2*3 f) £ #»m;:A*tLft»^S#;t*. ^OS^ 4(42), 

>t»ft*3t#H3©7^*aB*^ffl*H*ft»tt*« (4 3) , ^cfctfx. = 0 t*iW»6h5. 

<5« = { (2 7CR6 f ) / (j3s d) } { J3 C ' (AL-L' ) + 0' L' } 

(4 5) 

&£U 13' te&itT^tL *fc, Nf4j£* ★ (2 4) T4*SttS*JBSWT?**. 

0' =d0/da>= (1/c) (dJ3/da>) ^N/C (4 6) 

US, ***;W*tt»3 3, »S!X7^WjS»3 6, £ TV (4 4) (4 5) \Z%\,X, (47a), 

<ttf3 7«©i2:^«*3 TfcfcW-STEfcJctfTM*- (47b), (4 8) *<»JESn5i#, TE, TM^E 

H©e«S**«. 5c. tb, 0s. i E , /3 r b . *5£tf -HK3tl4ffl«ttttKtk5r-ftl/T««*»(iSn-5 
0e.nu 0s. t«, 0nu X&ZttZ. d©t*, 3Wr 

0c. te (AL-L' ) + 0ibL' = 2m;r (4 7 a) 

0c. ti (AL-L' ) -h /3 TM L ' =2m7t (4 7 b) 

{ (2ttR<5 f) / (jSs, te d) } {0c ie' (AL-L' ) + 0te' L' } 
{ (2ttR(5 f) / (0s,Tnd) } (0e.ni' (AL — L' ) + 0tb' L' } 

(4 8) 

[0 0 4 4] ?**;W»»I»3 3* mMTsyymtC&Z s.tb> Ntb, SitfNc.ri* Ns , r m % NnT»5it 

6, fecfctXn TW^iE^iH* 3 7\Z&tfZ>TE'&&T£T 5£ (4 8) \ZMLX, ^COiC (4 9 

M^r— HO^MiBiJBJf^ne.TB, n s , te « nre, *5^^ a) , (4 9 b) , (4 9 c) aSHfR^ffl^S. 

fit . T H > n S .TM> niMT*0, »JS*f*^Ne.II, N 

ns. tb/iis, te ^=r 1 (4 9 a) 

Nc.tm-Nc.tb ^ n c ,Tii-n Ct TB (49b) 
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Ntm-Nte *=. nrti-riTE 
^niCckO, a (4 7) , (4 8) l4*©*ft*Sj«0A* 

L' = {Be / (Be -B) 
&£U ±rf:i;*^TB e (iiC (10) T^;t£ft, B 
tiSC (3 8) f4^^n^. 

[0 0 4 5] -#J<hbT, 3 7*©JEHW«3 7(C*lt 
537JP2 t = 3 itm, n7iH2 a = 5 Mm^-r-Sci:, 
B=8X10" 5 (nre = l. 4616, nrK = n TE + 
B) A= 1. 55/im (f = 1 9 3. 5 4 m 

6 x = 2. 5 7X1 O" 15 6 
fit, <5 f = 1 0 GHz (OtSfctt, ±5«>6<5x = 2 
5. TMm^D, fi»«IB(C|B«fe< 1 OGHz MUST? 

[0 0 4 6] ^mmMoytmmmmTCDmm 

*EK**W*»tfflV»Tfr-3fe*!ft3S-r. S i 

»«±fCiAcSiiJta}*(C«fcoTS i Oj T«^7y KB* 

io 2 ^yxcD37g^sb^i-, nmp-CT&mu 

Si0 2 ±«^7yH**«B(lyT^||Ufc. Z<D£? 

3 9fc»ftl. 5 5 wm^T^SiSffifill 0 GHz CD#£ 

= 2 5. 7 /imMIHlCll^n&fflAffl^^^WftKS 
4fcHtt»MBl 0GHz ©3K*t^B*tl«Ci:3»J«*«6 

[0 0 4 7] 

*U7«»ft<Wfc£-&«, #»T*<5fc»fc> ^S3S# 
[Hi] *«W©-*lKWt«§3KH**»K*^<S!)« 



(8) $$§H¥5- 2 8 8 9 4 6 

14 
(4 9 c) 

) A L (5 0) 

>&Hi ) % d = 2 0 Mm, R = 6 mm, N IE = 1. 48 
2, Nc,te = 1. 4 7 7, n s = 1. 4 6 6<h-T£<h, 
?**^*»»3 3©«JBffi*ttB, =2X10' 4 (n 
e. te = 1 . 4 5 7, ne.T«=n T B+B) m 
= 1548, AL=1638juiru L' =2 7 3 0 /zm 

ot^a; (45) ±0, ;fcjt*«#6n-5. 

f (m) (51) 

[02] 3 7i2a*»fcSffci:#<i!)H104Wl6 
©**«»0*JB*r*B©*ftt«fiA = l. 5 5 /im 

[03] xmnvfovmMmiz&zm&mmmTo) 

[04] H3©^*;i/»»B7lx-f3 3 < !:»2<DHlI 

[05] a*©#»»v^A • yx.>y-Mytmvak# 

[06] flaeoywwttBtt^aitHttfc^K*?* 

^-r0-c&3„ 

[07] f t ^;i/«SK7 l/^f 6 3 2 OIIX 7 y 
1 1 vUa>SS 

12, 13 »l*J;tflB2O31£»i0» 
14, 15 »l*J;«»2©>EF[atttt^« 
1 6 a7«C< 6^T37«^j£v^Jt*«Ell<oB* 
3 1 y'J^>Sfi 

3 2 A*ffl^^*;m«a 

3 3 ?t»W7W 

3 4 ffl*ffl?ir*JWIW« 

3 5 mi<DmMX979W& 

3 6 fB 2 ©MX ^^3»iga» 

3 7 3 7J?tC< 6^T3 7«Jj<J!£lrijt#»K©«* 
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(9) 4$M¥5- 2 8 8 9 4 6 



im\) 
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